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^STllACT 


In the present work, a computer aided procosi^ planrili^ systi 
for rotational parts in environment (desicnatoci as v^iPP-RP) hai 
been desi^ ned, developed and implemented. This also presents the 
design of a database to store eni'ineerinir data required for the 
synthesis of process plan, with concepts of Fill and iXFIS gaining 
more and more importance, the flexibilities the£»D systems offer 
iizposes many requirements on process plan^iing. Hence the need for 
development of a comprehensive computer aided process plannii^ 
system^ The process plan thus generated should comprise the 
operations sequence, optimal machine tool selected for each 
operation, Machinability JSata systems, proceasinc: time and as well 
as cost for each operation, 

The CAPP-RP system is capable of handling machining operati 
like turning, drilling, milling, facing, boring, gear milling etc, 
efficiently while other operations can also be handled* The systa 
desii'jned to take care of Idie requirements of £1^3 on process planni 
and is enable of g^ieratlng alternative px^eas plans whenever on 
of the machine tools becomes unavailable* 

The CAPiwitp ayatem is Isqjlemented on OB>1090 computer syit 
ai^ programa are written in PASCAL* The system efficiently genera 
the process plan for four rotational parts taken as etamples end 
alternative process plans were gieierated for two of the esceaples* 


CHi^TLR I 


IIJTiiOaUCTIOL 

In any manufacturing systa®, the desi n conceptualization 
is to be transformed into working: instructions to cet the finishe 
product* This is done by means of process planning ond is 
basically a transition step from design to production* Wl-Ui 
the advent of computers* numerical control concepts* robotics 
and other automation techniques, the earlier conventional 
manufactuzdng system has changed to more sophisticated* highly 
productive and efficient systems of today* Ana this has led to 
the concepts to Flexible Manufacturing Systems and 

Cooqputer Integrated Manufacturing %steiii8 (CCU)* Along with 
the advantages the automation has brought various challenges 
to the engineers/researchers and process planning is one stich 
area iidilch has attracted the attention of researchers because 
it is the link between design and production functions* 

1*1 MAtaJFACTURIMD SYSTEMS AND FlflCTlDWS lU JiAIlUFAlCTUHIIiG SYSTEMS 

A manufacturing system is one in idiicli the basic resources 
like man power* materials* machines and methods arc txtilised to 
produce usable tangible and intangible products* Though the 
advuncea made in science and technology keep changing the iigiut 
form (with the development of new machine tools* cutting tools* 
methods* materials material handling systems etc*) the basic 
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concepts o£ transfonaaticm process in aimufacturUx system ha» 
remained unchanged, 

’£h© various functions performed in any nanufacturinr 
system may be broadly classified into design and Manufacturing* 
Design function converts the concepts of the designer about 
the product into a set of product deslirn specifications* This 

CL 

is later converted into i form vfriich con be easily understood 
by manufacturing or production personnel * to transform the 
available resources Into finished product* The conversion of 
design specifications into worklnf instructions is done by a 
process planner and the function is termed as pi^oceas plannlixc 
or operations planning* This is one of the most jbEsportent 
function in any manufacturing system since it is the link 
between design and manufac tiering* 

1*2 AUTOMATIOII AI4D COMPUTED AIDED JESIDN/l^iaidF/iCTUimiGl 

Autonation is defined as the technology concerned %dth 
the application of complex mechanical , electronic and compulser 
based system in the operation and control of production 
(i.roover £l3). Over the last few decadesi the automation ha# 
decreased the himan interaction in manufacturing to a great 
extent with the development of numerical control (1^^)$ Compur 
terised liumerical Control (CUC), industrial robots and computers* 

^e iqopiieation of computer listen to aasist in the 
creation, modification, analysis end optimisation of the design 
of a product is termed as fiomputer Aided Ceslgn (CAD) (Grooiper ilj] 
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'Ahe tA.) syaten includes hardware (Conputer, tr^iphic display, 
koyboani etc.) and software (profraras to iaplGLiej:it computer 
rmiphlca and application prorraws for enrineorin design; and 
is basically a computer intensive function. 

Computer Aided ‘'lasiufacturinf (CiU:<1) cfur: bo defined as 
the use of computer systems to plan, manofre and control the 
operations of a manufacturlni; plant through eitlior dimit or 
indirect computer interface wltii plant's production facilities, 
'fhe application of CAT’ may be either computer aided process 
mofdtorinc and control and manufacturinc support applications# 

The former may be termed as online (implication while the later 
as off-line application of commuters in manufacturinc: (CrooverllJi 

1,3 ( 0I4PUTEH InTliCKATEi} FAd.UFACTUEIi^ SYSTHld (CIJIS) idU 

FLEXIBLE i‘lA(4UFiCTyRBiti SYSTEMS {B1S)s 

The main objective of any manufacturin,. system is to 
produce the products of right specification on right time at 
i^nlmum cost. This calls for the total co-ordination between 
various departmttits of the oxiganiasation and hence their Integra* 

i 

j tlon* The development of eoa^uters and improved information 
' processing techniques offers a good opportunitgr to Integrate 
hitherto separated areas of production activities as well as 
design functions* 

CIMS means the integration of hardwarCi softw&r«t database 
and infomation flow paths to perform vazdotis activities in 
manufacturing right from the stages of conceptyalimstion of a 

p^duct and its design to final inspection with all intermediate 

/ 
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functions like process planninr. * proJuctio.i pic.::.: in; and 
schedulinc t inventory Enm^/;enent etc. into a entity 

and driven by a comon database under the control of a naater 
computer. 

^he main emphasis in is on inte; ration of cocs>utera 
ani database v/itix various raanuf^icturinr «.‘CtivitiGo of the 
orj^wnizatior*. a tlK aet-'US's can be represented os showi in 
i-ir_* 1.1 [23. 

One of the basic block of any ClJl-j aetr*ii7 is FT-ld, An 
Fr j consists of grou^^ of materials processing stations com- 
prising of iL', Cii'., JIC, mi. chining centres vjitli aisto tool 
char^ger3 and robots all linked together with a automatic 
material handling system along with automated storoi'e and 
retrieval systems* all under the control of a master computer# 

The eomponents of an like laachlniac: centres with 
auto tool changers which is capable of doing different or 
multiple operations in the same set-up itqparta a certain amount 
of operational flexibility to the idiole system* The three types 
of flexibilities that H13 offers are as outlined below [5]« 

(1) grpeew tlBxiiMmia i 

Ability of performing an operation in more ihm one way 
whenever a machine tool breaks down or a tool is not available 
then the syetem must he capable of adopting a new mute/plm to 
finish the dob* 
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Fig. l.lt 


A Schematic Representation of CIMS 
Set-up. 













(li) PrDPra.-a Flexibility i 

Ability of tlie systen to run virtually unattended, Kiis 
can be attained by better computer control ajid £cft\/are tecJ - 
niques* 

(iii) Product Fleacibility s 

ADility to produce nec products for a dofiiied cost of 
ne-.^f fixtures, tods and part programs etc, 

1,4 PUGCESa PlAlJi.IiiG AIjD COI'lPUrEA AlOKU P.SUCiC.^ PUUlLIM; (C^ipp)! 

Ag already mentioned, process planiiing is tbe link 
between design and production functions of any manufacturing 

ft 

system. Process planning is defined as the subsystem respoi>- 

sible for the conversion of design data into viori:in£“ instruc- 

tions’’[43* I'he development of computers and hence C/i!4 has led 

to the automation of process platming as well* ti®nce» CAPP 

* 

may be defined as a subsystem in manufacturing system n^ere 
in determlnAtion of type of processes, the sequence of machining 
operationSi selection of machine tools and cutting tools along 
with required ;)igs and fixtures and determination of cuttixig 
parameters ars done with computer as an aid* For an integrated 
and hence C2HS to be a reality^ the link between design 
and manufacturing i«e« process planning should be str(» 3 gthened« 

3>t4*i of 

%• tecMiques of process planning ars best dtscxlbed 
[43* The two importmt techniques of process i^anning are 

(i) Variant approach 
Cii) Oenerative approach 
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of th« follov/lnf steps, 

1) Bulldiiic fe* menu or cataloi'ue of procoac plan either 
for a sin£ le part or for a family, 

2) oreatiry the software iiecessary to exaiaine the parts 
ttiut is beini, planned and find tlfic closest facsimille 
in the menu and to retrieve the associated plan. 

On the other hand the {renerutive appro- cii is the logical 
creation of a process plan from information avtdlable in the 
enf!ineering database with or no intervention the planner [53, 
Hence generative technique synthesizes tiie process plan with a 
predefined lo "ic from design specifications mailing use of exist- 
ing database in which the required information about machine 
tools, cuttin^'^ tools, Jigs and fixtures and other machining 
par&mieters are stored, liasicaliy generative tecimique consists 
of the following: steps, 

1) describing a part in detail (viz, bo*^ geometric and 
manufacturing features of the part), 

2) Describinf: a menu of process available to produce the par 

5) Describing a menu of machine tools and cutting tools for 

the process, 

4) Creating a software to generate the plan. 

Variant <q?>proach is observed to be not a efficiiHat 
approach compared to generative technique because^ the plans 
generated by this method even in best case is ohly a ig?proxiiaate< 
version «iiich still needs edit|jv>:« 



1,5 HULL 01' li, CAt^Ps 

Database (DD) is defined as a collection ox opez^itional 
data with least {mount of repetition and stored on a centnilized 
computing facility for the use of various usei’s end retrievable 
at any time* 

In any mimuf^cturing systao a large aiaomt of data 
Including eng ineerini- data will be required by variouc depart- 
ments at many times. Hie engineerint database nay be designed 
to the needs of the ^articular org'^ization. Database thus 
designed can stoi«, retrieve, edit, update ond delete the data 
by means of a specialized software called Data . ase Management 
Systems (DfiHd), 

In process planning function, we will be hcmdlini: large 
amount of data pertaining to operations, meushine tools, cutting 
tools and cutting parameters* It is desirable to have these 
required data in a well structured manner to facilitate easy 
handling end avoid duplication* Ihe database required for any 
Ci^/vm system is referred to as Engineering: database* ^ 
depending ipoti the nature of data stored, engineering database 
consists of design database, technological itatabase and manufac- 
turing database [6]* 

(i) Design Ilatabase * 

At the end of design process, the database must contain 
a tsodel of the artifacts statlijg '^eir description* Ibey includi 
geoMitrie models, bill of materials and a p«rt code* Geometric 
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rao-iela represent the reonetry of product to be :.iar.ufwCtured 
and are etored in design database fron v,’hich drawing's can be 
obtained* 

(ii) Technolorical Database ! 

This consists of data concerning worl; natorial (mterlal 
code, hardness number, stiffness etc*), aanufacturinc operations i 
muciiine tools (desifnation, list of operations, si>©ed ran^ie, 
power, feed ran^'e etc*), cutting tools (desii'inatlon, material, 
specifications etc*) and cuttinc parameters (speed and feed). 

(lii) Kanufacturin^^ i^atabaae t 

Purpose is to store all information needed to physically 
manufacture and assemble a part* 

as far as process planning is concerned, it can be said 
from the nature of data stored., the technological database has 
more importance than ’Wie other two, Design and manufacturlJt 
databcrse follow technological database in the same order of 
importance, 

1*6 OiCAfilZaTIO:; OF THE THESIS* 

Chapter II deals exclusively with the literatiare survey 
in whi<d* the first sectioii makes an overview of the process 
planniiig techniques as well as systems. In the second section, 
need for the current section and its scope is presented# 

Chapter III deals with the developed Coapul^r Aided 
Process Planning^Botational Parts system vi'^ its 

description, analysis and design presented in separate sections* 
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c hapt«r IV clecilfi with implementcitlon details alone: with 
description of various moaules and tlie corres -aondini.: procedures* 

Chapter V deals with test runs, results caid analysis* 

Chapter Vi concludes witli discussion on possible iiaprove- 
ments for the systems and s^'f^estion for futui'c woiii* 

List of references and appendices is t.~von at the end 


of the thesis* 
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LITEFiATUiU. SURVEY 

2.1 OVERVIEW 01 LITER^iTUiJE* 

A'he iaportance of process plaimine as a liJili between 
desifn and manufacturings Is beint; realised and hicidifshted by 
many researchers. A lot of effort is being put in the develop- 
ment of ner^ techniques and integration of other fields like 
database principles, artificial intelligence, decision 
support systems etc. v/ith process planning. A fecial sub- 
committee set-up by oiRP is coordinating the research work of 
production engineers in this field all over the wrld. 

Process plunninc whether it is computer aided or manual 
is divided into following phases [4], 

(1) Selection of operations 

(ii) Selection of suitable machine tools 

(iii) Selection of cutting tools 

(iv) Sequencing and grouping of opiumtions 

(v) Selection of ^Igs and fiactures 

(vi) determination of optimal cuttiis^ permters 

(vii) J^etenalnation of time and cost 

Cviii) Printing of process plan 
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In carrying out the above to evolve a process 

plan requires lot of data handling and cooputation* The need 
for an intefrated enirlneering database in any Dcnufacturlnr 
systen is already discussed in Chapter !• 

*he vfork done so far in this field caii bo broadly 
cateporised into two distinct classes* One is nathematical 
modellinp approach and the other is classical Qc:}proaCh (i*e* 
developinf:; an algorithn for a defined problea based on one*s 
knowledge of preparing the route sheet and developing a computer 
software for the same}* !^st of the literature available 
belongs to l^e second category viz* classical approach* 

Kusiak [7] has suggested a mathinnatical isudelling approaci: 
in which integer progrusBsing technique is used for process planrr 
ing* lie has proposed three models idiloh ore to be deployed 
jointly to generate the procesa-plai^i for a part* Two models 
are basically used to generate a feasible set of tool paths 
(viz* different methods of reducing the blani: to finiciied part) 
without taking into consideration any of the technological 
constraints* '^e problem is solved by cutting plan algorithm 
end lagrangian relaxation algorithm* 

By the above two models* we get only a feasible set of 
tool paths* The problem of ordering these tool paths end 
generating the optimal process s^an is formuliited and solved as 
a topological ordering problem* taking Into cozisideration ell 
the technological constraints* 
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i-he above approach hag certain drawbacha# It requires the 
develoiJiaent of an intelligent procedure to generate only the 
feasible tool paths, accounting for the technoloc icol constraints 
set. Other stages such as selection of operations, cn'ichine tools 
cutting tools, and fixtures, optimal cuttinc parameters etc. 
will have to be performed separately, 'i‘hus, tliis procedure of 
iaath«aatical modelling approach is more helpful in sequencinn 
and groupini;; of operations* 

Compared to mathematical modelling approach, the classical 
approach has attracted more attention of the researchers* In 
this approach, the various stages of preparing a process plan 
are identified and suitable criterions are established to carry- 
out these stages* Many process planning systems with conqjuter 
as an aid have been developed with different criterions employed 
for various stages* 

^determination of cutting parameters (vis« feed, iqpeed 
and depth of cut) is one Important stage of process planning 
and lot of work has been done in it* It is also termed as 
Machlnabillty Data Systems and the existing methods employed 
to determine optimal cuttini? parameters are as folloiwi [83* 

(i) Data Hetrieval Method! -*^hia is one in which the cutting 
data for various pperations for a variety of worfe-tool material 
combination are stored in handbooks or a computer database* 

'ihese are data coj^iled over years of experience of tt&p floor 
laid cannot be t^en as authoritative at aH times* 1!he mother 
ma^or drawback is that it requires tivHBtndoiis aoount of memory 
9pm« to store the data* 
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Ui) implrical lielatlons Kethod: Aiiother raotliod of ev-luatin|!: 
speed, feed and depth of cut is by makini; uao oJ cdready estab- 
lished emnlricai relftionshins idilch are based on ej:perimental 
observations. Once afoin, this aethod nay le.td to erroneous 
results because of the variations in experinontal set-up, 
envir nraental conditions and Machining conditions. 

(iii) Uptialsation rtethematical Met^iod* d‘his lo the best 
possible solution for machinability data systems, in tahich 
natheia ticai c^proach is employed to arrive at optir.ium nactiinluf; 
parameters* Usually adopted optimization criterion are to 
minimize production cost, minimize production time end maximize 
profit* 

Based on the above eriterions, nonlinear optimization 
problem has beeri modelled with constraints atid solved as 
unconstrained optimization problem* Hatl and Hao i9] proposed 
a solution me^dology for such a modelling, using Bevidon- 
rietcher Powells method and thus determine the optimal speed 
and feed* Ihe px*oblem is t&odeHed both as pxobabilistic and 
deterministic nodela for all the three critezdons* 

Th» need for Pm different approaches arose because some 
of the parameters involved in the oblective fumtion and cons- 
traints vary about their mean values and himce this necessitated 
probabilistic formulation. 

Ihis method is ei^iloyed in the present wort also idth 
minimizing production ^Ini as the objective function vilh a set 
of constraints and solved biy BFP md am well as P&ml*a aethod. 
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Operations sequencing;; is aiiother in^oriii-nt stu£:c of 
process planziinr which needs more attention :wOr- tlie development 
of Intelligent procedures, Ihe presently av^ili ble method of 
establishing precedence relationship of operutions is by solvinc 
a precedence matrix of operations [4j, iMa involves the 
aaacimura interaction of the planner and com puter has aided in 
only computation, Ijow the present trend is to develop expert 
systems for sequencing, 

2,2 SUilVEY OF CAPP SYSTFm [lO]* 

Over the last few years, many CAPP systems have been 
developed# Both variant and generative techniques hove been 
employed in these systems, The available Chip? systems are 
either for rotational parts or for prismatic parts exclusively# 
In a recent survey conducted by Eversheim and Schula wll3 fo** 
CIRP technical committee, it is reported that atleast 5f CAPP 
systems are fuoBtloning all over the world# A majority of Idbe 
existing process planning systems are of a variant nature* Most 
widely referred system is CAMkI automated process planning 
system (CAPP) developed in 1976# It is a variant system with 
data base management system written in Ai4SI stcajdartl PORfRAN# 
Ihe other systeias ares MULflCAPp^ HEPM' ** tiliich uses the 
ICECLASS coding system for part description# Hisy are data 
retrieval systems idilch retrieve process plaiM based on part 
code, part number family taatrix and code renge# By inputting a 
pert code, parts with e slailai’ code are retrieved along with 
process plarnm Ihey are then edited the user# 
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Other variant systems aa'e 
ClilTU.ii*, cOI-iCAPP etc. 

-lowever# these are some generative systons alsog such 
as cp »p, AUTAP,iii.'aad APPAS. Of these AOTA? is considered to 
be one of the most complete planning system in use today* 

Ihis is capable of material selection* process selection, 
seque cing of operations, machine tool selection , tool selec- 
tion, lathe chuch selection and part piogram generation, 

*hese above systcmis are of different levels of automation 
and performance. Ideally, a generative system is a turn key 
system with all the decision logic contained in tSfie software, 

Ihe system should possess all the necessary inforjation for 
process planning, therefore, no preparatory stage required, 
Hoeever, this is not the case and most systems zetquire user’s 
decision making at many junctures. It is also observed that 
so far not even a single general pui^ose CAPP system #ilch can 
take care of both rotational and non-rotationol parts for a wide 
range of operatioiist has been reported, 

2,3 JUSTIFICATION FOR THE SELECTION AND SCOPE OF PRESENT mm% 

The three different types of flexibilities tlsat an IMS 
offers over a traditional manufacturing syatem are outlined In 
Chi^ter X, Scheduling flexibility,^!^ is basically a form of 
prooeas flexibility, is very important as far as process planning 
is eonoemed* It measures the number of different routes 
which a given job can be machined, Proce*»i planning has direct 
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impact on schedulinf’ flexibility bec.'use for a c^vesi port a 
route correspoiwis to a variant o£ a process plan# In conven- 
tional aanufacturinfr system usually an assumption is made 
that for a part onlylproeess plan is av.iilable* But In FE-IS 
set-up u part n»y have several altem..tive plans because of 
tlie operational flexibility of the system* 

Ihe scheduling flexibility in Kis imposes tiie following 
requirements on process planning systems t7], 

(i) It s^uld ensure a dynamic generation of process plans 
with alternative ffluchining routes* This means "fi'-at the system 
ahobld be able to generate approximate "^riants of a process 
plan in real time* 

(ii) In addition, there should be a method to generate pirns 
with a number of cutting tools specified in advance* To avoid 
redundant change of tools in tool raagasine, it nay be required 
to specify the number of tools used for machisiing of parts* 

But, the available systems have not vlci-/ed tlie process 
planning from point of view. Hence, the current , system is 
developed considering ^e above requirements of K'S on process 
planning. The current work is restricted to only a mass of 
parts tdiich^ requires turning operation (l.e, rotational parts). 
Hechiniag operations like turiaing, drilling, ailllnt:, facing, 
gear milling and boring are supported well on the curawHut system 
while other operations are also tuken care of* The deasnds of 
ms enviroimient on process plamong is incorporated in the 
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system* Alie concepts of database is also iiicoi*:5orated by 
developlnf:; a representative database fcr eci'lnij data* 

with concepts of FiiB, ‘.IH3 and as well os gainini 
iao!‘e and more importance both to industry and rcooarcb, it 
is hoped thax the present work will contribute In the develop- 
ment of a CAPP system. 



CliAPTER III 


cOPIPUTEE AIDED PRCX:E33 - ROMIOLiU- PMT3 

(CAPP-RP) sysTM 

Tills chaptftr presents description, omly^B and deaicrn 
of the proposed honputsr Aided Process Planning: •* ; rotational 
Parts (CApp^iip) system. System description is presented in 
Section 3.1 • system analysis is described in Sec* %2 and 
system desif^n in the following section. 

3.1 SySTETi DESCRIPTIOi.s 

As already mentioned in Chester 11, the j^stem is 
developed for rotational parts* I^hining operations like 
tumingi drilling,', boring, milling, gear milling end facing are 
veil supported vhiXe other operations like tliread cutting 
(internal and eaetemal), grinding, csounter-boringf shaping, 
plannin;. etc* can also be handled* These operations define the 
operational capability of the system* In order to meet l^e 
machining requirements of above mentioned operations« a set 
of machine tools comprising a horizontal machining cwfitrif a 
vertical machining eentre, a C!C milling sochinef a hC stand 
alone lathe, a CHC fuming centre and a Ci!ic grinding mschiiie 
is considered* Table 3*1 gives the list of machine tool names 
and their corresponding machine tool* code for identification* 
Table 3,2 gives the different operations aloiii with their 
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Tabl© 3 .I* Machine Tool nac^s and tiioir code. 


I’toichlne Tool l>iame 

14ach£x% Tool 
Code 

HorisBontel Ilachinin^ Centre 


Vertical Machlnint*: Cersfcre 

2 

idiv, Milling machine 

Tj 

Ik Lal^e 

4 

cw Turning: Centre 

5 

LUL Grinder 

iZ 

W 


Table 3«2f Operation nanie» code and macliinc tool code* 


Operation I4ame 

operation 

Code 

ociiine Tool 

*• ode 

Boring deep bole 

100 

1 

2 

3 

Boring, 

101 

1 

2 

3 

Boring Counter 

103 

1 

2 

3 

Drilling 

ISO 

2 

3 

4 

Drilling deep bole 

121 

2 

3 

4 

(•rinding cylindrical 

130 

0 

0 

6 

Gear Cutting Bevel 

140 

0 

3 

4 

Gear Cutting Helical 

141 

0 

3 

4 

Otar Cutting Spur 

142 

0 

4 

5 

End Milling 

160 

1 

2 

3 

Gear Milling 

161 

1 

2 

3 

n f ik iMaieayilk IH aMk ^ee «w 

iuroing *^uga 

220 

0 

4 

5 

Turning Einial^ 

221 

0 

4 

5 

Tumiiw Taner 

223 

0 

4 

5 

Facing Koueli 

230 

1 

2 

4 

Facing ffnlib 

231 

1 

2 

4 

t 

m 

# 

* 

# 

* 

% 

t 

1 

« 

II 

« 
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codes and the correspondlrc machine tools that con be employed 
to perform them, •‘^hese codes are used in all subsequent 
discussions, %ecificatloiis of Vv^rious machine tool are 
given in Table 3*3* 

Aasumptions s 

following assimptions are made to delineate various 
characters of the system, 

(i) Operations and Machine Tools> Each operation con be 
performed on a minimum of one m cchlne tool and a maxiimim of 
three. This is ^ne in order to have operotionol flesicibility 
in the manufacturing system, 

(ii) Jigs and Fixtures: Suitable md fixtures are avail- 
able for all operations, 

(lii) Material liendling ^stemt There is a automated material 
handling system with robots to help the transfer of mvk parts 
from work stations to work stations, 

(iv) Time Factors* Also assumed that seb**up tin^ and mtt* 
muchininE time (due to unavoidable delays etc#) for any opera* 
tion is a constant proportion of cutting time# !IMs proportion 
is taken as 0,23 and 0#X0 respectively* 

3,2 snrsTEM Am.irsxsi 

the two modules of capp-HP system erei 

Ci) Plan gwaerating taodUle 

Cii) Database Module 



Table 3 * 3 * Ifachitte tool ^eclfieations 
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3*r’*l Plan enerating; Module t 

This raod’jQ.e consists of various capsules i/i.ich do 
various functions in evolving the process plai:* A aaster flow 
chart of CA?r**tt* system is j^own in Fig* 3*1# 

(a) Coding and Classific. tion capsules 

Translates the design and ssanufejcturlnc attributes of a 
part into a code* Detailed description of e-ci: digit of the 
code is given in Table 3.'^(a) and 3«‘^(b)* This code is used 
as a key to lind the part fasily code to which the coded part 
belongs. To identify this family the concepts of similarity is 
employed* Each digit of the part code and tSi t of all the 
part family codes stored in database for which process plan is 
avLtilablet is coc^uxed. If they match then a Index value 
called similarity index is incremented each time* Here it is 
assumed that each coded attribute Is equally Important and has 
the same weirhtage i*e. 1 in this ease. 

In the present work a similartty index value of 6 is 
being employed to decide the part family for any coded part* 

The 10 digits part code generated is con^ared with '^e fimiily 
codes stored in the database. If there exists a part fa 0 iily 
code matching with the part code then the pxticess plan code 
of the family and hence the plan is retrieved* Ot^ex^se 
generative technique is employed* 

(b) GwEiex^tive Technique Cspsulei 

For generative techniqiiei Idle different operations to 
be performed on the blank to get the finixdied part are specified 



Read Part Attributes (Design, Manufacturing 
and Geometric) One by One, Generate Code 
for the Part. 



Compare (Generated Code with All Part Foi 
ily Codes Present in Data Base 



Fig. 3.1 Master Flow Chart for CAPP-RP System 
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ao input data* Bor each of tho cqseration specified the 
followiru routine is carried out* The flow chai't for generative 
tecijolque is shown in Big* 5*2* 

(i) Selection of Machine Tools* Bor the operati n intended 
the possible machine toolCs) is(are) retrieved along with 
specifications and the following criterion arc caployed for 
selection of machine tool* 

The primary criterion is the accuracy level that a 
machine tool can provide* If ^ere is more tilth one machine 
tool then the secondary criteriarwlz. optimum mochininr cost 
is employed to break the tie* The optimum madiininc: cost is 
evaluated for optimum speed and feed values* ‘fhe machine tool 
having lowest value of machining cost is selectCKi* 

The total machining cost is the sum of cutting cost» tool 
cost, tool changing coat and handling cost* B/ith minimisation 
of total machining cost as objective criteria^, the objective 
function (£) is written , 

Hinimise 

Z m cutting cost * tool cost * tool hanging cost 
handling cost 
idiioh is rewrittwi as, 

z . 1^0 " *■ * " '•W S *^0 ♦ *^0 

and constraints set is written as. 



s tart 

£ 


Read the Operation to be Done on( 

the Part 

Read Through File : INPUT 


Select Suitable Machine Tool For 
Each Operation 

PROC. MCTOOLSEL 


t 


Retrieve the Suitable Cutting Toot 
for Each Operation 


PROC CUTOOLSEL 


4 

Retry with New 
New Anterivrity 
Table 






Read Through File: INPUT 



val uate Machining Time, Setup Time| 
St Non Machining Time& the Sum of 
These. Also Evaluate Total Maching 
Time for the Part 




jprint the Ptan in Required Format 


I 


Stop 


Fig. 3.2 Flow Chart for Procedure Generative. 
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i'ounds on speed s 

V- < V < v„ 

1 -• -• u 

Bounds on feedt 

% < f 

Bounds on Powert 

^ l"in 1 

^sounds on Torque* 

Ts < T , 

*d - alow 

Bounds on iorce* 

F < F 

C - CU 

Bounds on Tool Life* 

1 T, < T 


(3,2) 


It li? olasorved tiiat the objective fuisctich is a function 
of macLinirM; tiac and tool life vhicl. in tun: arr f imotiona of 
decision variables speed and feed. Dependlnc tlie operatloni 
beln*; done appropriate taplrical relations ciWi in I’able *^^»1 
are substituted in the equations (3«I) and (3*2) • 

'fhe solution procedure for solving the above aiiniaiisation 
problem is given in Appendix A* A flow chart for machine tool 
selection is shown in Fig. 3«3* 

(2) Selection of Cutting Toolsi ^e cutting tools for an 
operation can be selected based on the following criterion* 

For a given work material, based on the cutting conditions 

employed the suitable tool material is selected* Ihus selected 

tool material is enable of withstanding the cutting forcmis. 

vibrations, shock etc. For example, if low cutting speed is 

machine 

being esployed to/low carbon steel then either alloy steel or 
high jqseed steel may be used and at higher cutting speed carbide 
■ay be used as tool material* 

Howeverf CAPiwRp systsa temls more towards variant 
approach, in the sense it retrieves the cutting tool mpeoificatic 




Fig. 3.3 Flow Chart for Proc. Mctoolsel. 



Fig. 3,4 Flow Chart for Proc. Culoolsel. 
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for the operations from the cutting tool database. The criteria 
for retrieval of cutting tool for any operation is the desired 
tool material decided by the user/planner. And it is assumed 
that tools thus selected serves the intended pui^Dose. 

Jigs and fixtures, as already mentioned in Section 3.1 
are assumed to be available for all operations. 

( 3 ) Sequencing of Operations? To sequence the intended opera- 
tions in a logical sequence or order as per technological, geo- 
metrical and dimensional constraints. 

The technological constraint for an operation is basi- 
cally the precedent operation to be performed. For example, 
if a hole of diameter 12.5 mm is to be obtained, then we can 
have two operations viz. drilling and boring to get the finished 
hole. For operation boring, drilling is the technological 
constraint. 

Dimensional constraint arises for a feature whenever its 
location is governed by another feature as a reference surface. 

Geometrical constraint arises for a particular operation 
to get a particular feature whenever another operation cons- 
trains to get the required tolerance. For example, let there be 
a right angled step as shown in Fig, 3,^. If surface AB requires 
finish turning and AC requires facing and as per the instructions 


c 
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on the dra‘.’in{, I X lu,v:i ran 




f#ometrici'l conotpciLnt for tuminn (to obtuia 
pftrpendieulwtty of the two sui'f.xea). 


, StiCixic, Is a 
‘c;,.o Specified 


.'It.'i Tir.ese guidelines for identificutiori of various 
constjMiiitia for e.^ch operation, the sequericii\_. is carried out 
iTi tlie following: launner [4]* 


Steg^i i% tvible is prepai'ed \/ith various operctions intended 
ir, the row’ 'jxA the i'.hreo constrsiiits vis, tG'-lsi-.loc'icul, 
Jiritr.r.ioifcil and geonetric^l, in the coluitjns, To * each operation, 
the correB:?onding cnis>.r&.ir.ts ai’e identified (tud eiitered in the 
respective coJtjnaris, 'ihio table is callerl ^ptei'ioi’ity tfible. 

It is to be noted thvt the planner* s knoulecige of nachining 
operations and technology plays a crucial role Izj. iireparlng 
this table. It is also to be noted that if the entries to be 
made in the table are techniciilly illogical, tiie it will lead 
to infeasible solution. 


Step pi Once the anteriority table is ready, a n x n matrix 
(n » no, of operations) culled anteriority matri:^: is prepared 
us follows* Here the rows and colisms represent the intended 
operations in the same order, (Si;ppose if the ^th row corresponds 
to an operation K then 5th column of Idle matrix Should also 
correspond to operation K )* 13ie <»itries in tiiis matrix are 
made from the entries of the iuiteriority table. 

For exmqple, for operation K if the conetraining <^ra" 
tions are P end q then in the ^teriority matrix correapondin 
to the k\ov end ^ and columns an mtry is made, Simi** 
larly for all the operations M entries are made in the mstrix* 
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>.-tep 3t ihe above matrix is solved as follow®, number of 
entries cKsae in et»ct; row of the anteriority natrix (vhich is 
notiiin, but the number of constraints tlwt eaci; operation has) 
is counted and stored in the first colimin of ai:other matrix 
called Level I'^atrix* ‘4iei^ will be always a row aero 
level .tra’:>lyinf^ that it has lio constraints at ihis is the 
flr^t operation to be performed on the work pa: t* 

In the next iteration the rows end coiiimis corresponding 
to the operation performed is deleted and freur. vuiues of 
levels are recomputed and stored in ti^ie second column of the 
level matrix* -^he operation witi* zero level io ideuviiiea and 
it is xiiB next operation to oe performed# rhis piucedure is 
repeated until levels of all the operations become zero* 

In case there is any discrepancy in pr^oi'ing the 
anteriority table it will be jeflected while solving the matrix 
resulting in infeasible solution# 

(c) Tli»-Print Capable I 

Computes the machiniag time# non aachininc time, aet-^p 
time and hence the processing time for each operatiem* Also idle 
total pxocesslng time for the part is evaluated* Once liie 
processing time for each operation and the comifipoiiding machine 
tool is knovn, from list madhine c^cupancy ratio for each machine 
can also be computed# It is computed as follow. 


Occupancy ratio of 
Hachine A 

idMire, 


X f 4 / total processini time for 
i * the pfliij 


T* m I*rocesii!^ time for the l«th operation on 

41 mkjm. 4^sikW% A ^ 
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/.cdule ; 

*he importance and rol© of database iii ». -!. ? has already 
been c4i;icassed in Chapter I* Tne technclociCvd date vhicii is 
er^sential for e<6nm^<3.xiMi a process pluji are s^rcd in a set of 
sequential files ’4iich forms the database of tiie vid-r-fu' ayatwn# 
itjese filCL are basically fiie.i of r<_ cords in each record 

has many fielda h ^vtn^'. c-ne bit of data/iiii’or, 2 :. tioi stored in 
tliuu* --iie v^riyun files -^^hicu -ai-o present is o system 

oiv discus'RHi be.1o./i 

(a) Uperations-Jiiicniiie loola jtile: 


This file has operation code in one coXissn and the 
correapondinf” machine tool code in the next oolim# The opercc- 
tion code for each operation is as i^own in Table 5«f? and tMs 
information is flashed on the user’s terminal vd>ile executing 
the program. 

(b) Machine Tool dpecificutioni FlleJ 

This file stores the specification of the nachint tools 
that are present in the manufacturing system. l%te various 
infoimation stored are machine tool codoi status of machine 
tool (coded as lover speed limltf i^per speed lifiit« 

accuracy that it can achieve, lover feed limltf upper feed 
limit and economic batch quentlty for processing* A section of 
‘^e file is as Shoim in Table 3*5* 

The maehtoe tool nmsMi and the mvmstpmMM code are 
flashed on the user’s tensfnal vhile ejeecutlng the program* 

This is ahoiRi in Tsble 3*1* 
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(nj - Cuttinr ‘iools Fill*; 

I:i thin i’iiv the operation code arid coriT spending 

c\iki;lr»- tool code arc stored, d’h© various cutting; tools are 
fiver. so»!:P IdODtificaticn code and the same is used in the 
operuticn « cuttinr tools file. In the S^S'fcem. it is 

assJimed th«'‘t e ch operation has a minlmim of ono tool but a 
maxir m of three, a section of the file is as in 

Table 3.5. 

(d) f uttinr Tool Specifications File* 

r.l'i has V.U-. nary 'ic three lr/lividUL=^? filro for tumlnr 
tccla, drills and nillXrc cutters. 

The tuminc. tool specifications file la dfescxlbed by 
ttie followii^- infonaation. Tteey are individual tool code 
rumberi ral<e anrle» rtliof anrle* clearance atit;xa ajtid tool 
material, A section of the file is as idiowa in 'fable 3,6* 

The drills speclficutlon file is described isy the 
following' features* l^ey are individual tool code aumbert 
drill diameter, drill length, lip angle and tool material* 

A section of the file is as shown in Table 3*7, 

The ailliai; cutter specification file is dii^aracterlzed 
by the followine features. They ere individual tool code 
Humbert cutter diameter, cutter thictoess end tool sieteriel* 

A section of the file is as idiown in Table 3*0« 

(e) Other Files* 

Thiae includes information pertaining tst recoamisnded speed 
and feed for counter boringt planeing, i^peed for threadingt 
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Table 3.5* Oper-tion code - cuttlnc tool codes 


operation Code Cutting tool code 


100 

1 

2 

0 

101 

1 

2 

0 

103 

0 

C 

3 

120 

4 

5 

0 

121 

h 

5 

6 

130 

c 

0 


160 

12 

0 


161 

12 

13 

0 

220 

8 

0 

0 

2P1 

9 

10 

0 

223 

10 

11 

0 

230 

15 

16 

0 

231 

0 

15 

17 

# 

f 

« 

* 

# 

# 

# 

• 


« 

# 

«i 




'.’lible 3.65 -unijUsi, Tool a^ecific^^tions* 


tuttlnf 

Tool 

t.ode 


Tool .^©ciflcations 



Relief 

Clearance 

Tool 


/eacle 

.’rcjlc 

‘litoriai 

8 

i'.O 

10,0 

4.5 ' " 


9 

''.0 

10,0 

5*0 

u^sim 

lu 


5.0 

6*0 

TLSTEEL 

11 


5,0 

?.c 


m 

*1 


m 

# 

« 

i 

# 

♦ 

# 


Table 5»7* jlJrlll J^pecif lections. 




Drill %eclfleatlona 

r.o<*e 

’liriii 

Ola, 

Length 

(ram) 

Lip 

Tool 

i^iaterial 

4 

15.0 

45.0 

20.0 

GiiRBLJE 

5 

10.0 

35.0 

18.0 


6 

8ii0 

20.0 

12.0 

TLOTLCL 

41 

# 

m 




t 

• 


# 

Table 3«8i 

Milling Cutter Specif Icatlona. 

Cuttinr; 


Milling Cutter %ecification8 

Tool 

Code 

Dlaeieter 


Tool MitejlA 

n n 

JLi. 

101.6 


10.0 

CMBLJE 

13 

76.2 


7.5 

TLSSJSL 

14 

50*2 


5.0 


« 

i 



♦ 

41 

• 


• 

» 
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spec'd and feed for f^rinding operations* 

(f) To Mi/t)elete a itecord of fluchine To, 1 dpociiiCuttioi:;^ 

-hern V. r tl-iere is addition of another new atiohine tool to the 
systcn, the machine tool specification file will havo to be updated* 

A nev/ recorl with all 1*elnform»^Uon of specifications of the new 
machine tool gets added to the file by a procra*!. 

Similarly* if any of the machine tool is umivnilable for 
mochininfc ourposesy another program rauhes on# of the key field (vis, 
I’thP) zero thus JjnplyJnf that it is unavailable* And another prograia 
converts the unavailable machine fcol into available one by changing 
its status (viz, changing H.UP from 0 to 1), 

The details of data structures laed in the design of the 
database is discussed in detail in Chapter IV, 

3*3 SYSIK-I iffisicm 

Ihe system is dtsigned to perform the following activities* 

(i) Performs coding and classification of the part* 

(ii) Checks for a matching partfamlly for the part in question* If 
matching: part family is presenty retrieves the plan code and the plan* 

(iii) Otherwise, employs generative technique* For a specified set of 
operations • selects the machine tool based on accuracy and minimum 
machining cost as criterion* Also determinea optimtza speed and feed* 
Civ) Hetrieves a cutting tool and its specification from BB for all 
operations based on required tool material as criterion* 

(v) Sequences operations taking into account constraints like 
dimensional y geometrical and technical* 

(vi) Computes various times like imichining time, non ei.:(^ining time, 
processing time etc* si»l calculates Wm cost of machining the ports* 

System How ehart of CAPP»KP is as shown in Fig* 3*1* 


;.HiiPTER IV 


IliPLEr-ffiiiTiiTIOi. IJEMLo 

Ahe inplementation of the designed CAu’P^ra^ system has 
been done on iiit-1090 coioputer systen in PASt/iC lajiguage* 

Programs written is partly interactive in nature* i>u,e to a 
large aujouat of dtita to be fed in as input it ms felt that 
it v.ould be advunts^^.eous to evolve the plan iiiteractively on 
a CRT teminal* This would also avoid infeasible results due 
to wrong input, though it is time consiaaino, Another advantage 
is thiit if the database is very big then the CAPP«-RP i^atem needs 
interaction of the user to make decision regarding the data 
retrieved* 

The complete software is divided into two parts. They 
are source program, and database programs, T!to details of 
each are given below, 

4,1 SOUrCE Pi«X3lbiMt 

The source program is the one correigMjndir® to plaimirMS 
nodule of the system* This has a number of procedures some 
of which artt called in the main progrew and acme other in sub- 
programs, The major procedures of the source pin^rem ere 
estplained below. 
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iodinf. of Parts (Procedure COi>h) i 

'ihis procedixre codes and classifies a rotational part 
baaed on its Geometric, design and manufacturing: attributes* 

The output of this procedure is a ten di^it code representing 
the part code* The coding of parts is done Interaetively on 
a CUT teminal answering a set of quaries i^reaenting the 
part's attributes* 

4.1.2 Part Family Checkinr (Procedure PFAIlLYvIIlD i 

The input for this prooeduro is the part code generated 
by procedure tODE, This procedure checks whether the code 
generated has a nutchine: part family code for 'i/ldch a process 
plan is already avtiilabie. If there is one* the process plan 
code is retrieved from which the plan cun be retrieved* 
Otherwise, it calls in another procedure to generate the plan* 

4.1.3 Generative Planning (Procedure GEIIERAOTE) l 

This procedure indicates the operation c^^ability of the 
system and also the corresponding cptratloii code for each 
operation* These codes are used in all subsequent evaluation* 
^d for each intended operation this procedure calls others for 
the selection of machine tools aiKi cutting tools* 

4»1,4 Machine Tool Selection (Procedure 

For every intended operation this ptm&hmi gives a list 
of machine tools capable of perfoiming ^e epefctions, their 
specifications and aids in the wilection of sultahle machine 
tool* To evaluate the optiaisi and feed laid hence the 
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ni'cMnln#’ coat it col:.s in another aub-proc^rta.: culled proce- 
dure OP inizi., 

Optinlgation of Speed and Feed (Proccsdure GPTir:i2£)« 

For every operation, it finds out the optteura speed 
and feed and hence the optinun ratichinini^ coat* Shis procedure 
has nuraber oi procedures and functions that are called in 
turn, 

4*1.6 Cuttiru: Tool Selection (Procedure CUTOLSI L) i 

Shia procedure retrieves the possible cutting tools for 
each operation frcxa the and selects one q£ then* 

Operations SeauencinK (Procedure 

dhe operations are sequenced into technicsally a logical 
order by this procedure* 

4*1, g Printing Process Plan (Procedure PRi:i‘IIIS) t 

Ihla procedure calculates the various tiaes for each 
operation and prints the plan in a neat format* 

4.2 0ATAB4SE PBOGRAMSt 

Dia database for technological data is created hy '^e 
following set of programs* 

^*^•1 Qperatioiii,..a iid. .ltech,ini.._T!B0M 

Ihis prograa creates a sequentisl file of records in 
which each record has three fields* ^ first is serial number* 
then operation code and the coieesponding set of aschlne tools 
codes capable of perfotnii« the opemtioa* 
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iluchine Tool cSpoclfications (PTOftrafa 

Tiiia procrm creates a sequeiitial file oX 3 ?ecoi*<is In 
\ifiiicJ: the fields ape defined by MwUP (to indicate \iiether the 
raiiChine tool is up or dovrn, y if dox/ii and 1 if machine 
tool codet (a unique integer), minJUaua »t>eed (iii spa), aaximuia 
speed (in rpa), feed low (mis/revolutioii) , feed i'-lUi (i:iu/revolutioE 
accuracy (aai) and t-conoalc batch quiuicity in tlaiy order# 

The relationship between file IKFIL and file S’XFIL is 
as showT' In ^:Ut# 4,1, 

4.2.3 Operations and Cuttini:; Tools (ProKraa i 

fhis program creates a sequential file of records in 
\iiich the fields are defined by serial ninber, opert^tion code, 
an array of cutting tool code and another field Cfdled limit 
to denote for which operation that particular tool can be used* 

A sample file -UTiOLFIL is as shown in Fic* 4*2a, 

4.2.4 •i^irning.,.Tpjol Speciflcutiona. (Pro ^ram./f».a4^^^^ 

^is program creates a sequential file of ricosrds in 
wiilch the fields denote serial nuraberi a cuttlnc tool cod# 
ntraber, rake angle, cleartnce angle, relief angle and a packed 
array of chajrocters of tool material in that order * ^0bis is 
exclusively for turning tools* A sample data structure is as 
shown in Fig. 4.2b. %e relationship between file COTLF24 
and me TRISUIL is ^own in Fig. 4.2a and 4*2b. 

4.2.3 i>rl3,ls apecifications (Program 

^s progiea creates a sequential file of record in iMch 
the fields are defined as aerisi number* cutting tool code number, 






Fig* Vtmtu of file fHUJif'XI** 
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dri31 dtoneter, drill ler^th, lip anftle and tool j;iaterial in 
that order* 

A auiaple data structure is showi in )l*'i{:. 4# 2c and the 
relationship between the file tUvOLFIL and file ^I'SIL is also 

Sl'iOWtl, 


Milling' t etter ^eciflcationa (Progra?. 

'fhls progruia is for the creation of a seiuentlal file 
of records in nftiich the fields are defined as serial nunbert 
cuttinf: tool code number, cutter diameter, cutter thickness 
and tool material in that order, A aai^le data structure is 
shown in Fig, 4, 2d and the relationship between file CUTOLFIL 
and file MIFXL is also shown. 


4,2.7 Part Family and Plan Codes File (ProraSin PFlt) t 

This progreiB creates a sequmstiel file of records in 
which the fields are defined as serial number, part fastily 
code and correspondiiii plan code in order. 


4 sanple data structure is shown in Fig, 4,5, 


ifwd,,feed fa|;>;e^, for _CQimter JBogjag _ (Program 




A sequential file of records is created to store the 
recosmended speed and feed for couoterboring operation. 


In speed table, the field ere in ^e foUcwliig ordert 
aateriel code, lower speed mid maximuBi speed* 

In the feed table, fields CKrt in the foUoirlitg orden 
lower dimeter, higher dimeter, lower feed end Mgk feed* 



k'J 


uperii fclc'r, 
‘ Vode 


t uttiti«.: tool Code 


1 m n 



» 




* 


« 


*'art family 
codi» 


Procfjss plan 
cod© 


1234567690 

\sJ\j 

1 ■34455S6Q 

aoi 

• 

♦ 

m 

n 


t'lg. 4*3#; Data structwc- of file PFIL* 



47 


‘jpgad l*eeti Tables for Planeing ii^rof'ron PjutIiI.riL) > 

’ihis cwates a saquential file of records in isdiich the 
fleld;^ ore defined aa depth of cut, recomraended feed and speed 
viiluea tn that order. 

4.?.Iw ,dpfe.ed Tuple for 'ihreadiat-: (Prorram 

*his profraa crtatea a sequential file of records in 
which, the fields are thread diameter, lower pi*&ch, higher pitch, 
and speed t be ef*p3oyed along with number of cuts in that order. 

^-gj-dnFeM for.brindiag terogi^m GHiriLJ,: 

This program ia used to create a aequexitial file of 
records in \dilch each record has the following fields. They 
are lower value of work diameter, higher value of work diameter, 
x^rk speed (in rpm) and feed (mm/rtvolution> in that order. 

4 sample data structure is a):iown in Fig. 4»4« 

^*2*12 To, ...Add.... a. ..F^ord of . (Prograa...,Mi>] 

%is program adds a new record of machine tool specif ieap 
tion to the already eseistiixg specification file, whenever a new 
machine tool is acquired. It also makes the corresponding 
changes in the file INFIX* (operations - machiiMi tool file) for 
the operations idiich the new machine tool is capable of performing. 
4.2.13 of J^hine Tool..^ 

%is progrem deletes a record i.e* makes a record passive 
in %e machine tool specification file (STFIL) mskiag a key 
field (field HCtlP) aero. This that this xaachlne tool la noi 

available for machining for reasons of breakdois^ttalntensiici/ 





l4>w»r wortt 
Jia, (an) 

lUrfa*** wopk 
Jia (m) 

«»ork spted l-'oed . 

(rpn) (rai’V^^WolutioK) 

au.o 

• 

?5,0 

« 

450,0 0.75 

• « 

• 

• 

• 

# 

f # 

f * 


A suBipla data gtructure of file 0:;XFII « 
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TEST RliKia AI^D AIIALYSIS 


lo teat the developed systea* several example 

ports were token and process plan for the saae were ce*i®rated, 
*he details of test runs are eaplained in tiie followinf;: para* 

rr<-iph3. 

The details of part desiirn apecificationsp drawing: and 
other re^juired input data for freneratinf the process plan are 
as joHows. Four rotational parts comprising different 
operations and features are chosen and tested* Ihe results 
obtained i*e# the process plan tor each part is given in 
i^jpeiidix - , It is also shown, how the already generated 
process plan cun be altered tidienever any machine tool selected 
for any of the operations becomes unavailable due to brviakdown, 
WAintenance or loaded with a high priority 5obs etc* Both 
categories of process plan are generated for the same input* 

Exegaple li 

The pari; under consideration is as shown in fig, 5*1* 
^art from the design specifications the following ii^ut data 
are also taken into account* Table 5*1 gives Iht feature 
number marked in Fig* S*1 and corresponding operation code 
employed. 



Table 5* Is Feature lio* * Operation Coiie 
0»ed Table. 


Feature Ko* 


Operation Code 
Used 


Xu 

2 

3 

4 

5 


2201, 2221 

1201 

120, 103 
2312 

2301, 2311 



Work material. Cast Iron 
Quantity. 1000 nos. 



all dimensions in M.M 

Fig , 5,1 


Ps. 1-Denotes perpendicularity of two surfaces 
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tooli 

i:fficl©iicy of Machine tool m " ^*9 

■ iwcinun force altinr duriiif; 

cutting n any machine tool « F « 130,0 In f (finish facii 

operation) 

a aiO#& itfTf (roiigh facinj 
operation) 

a ?30,‘^..I'Cf (aii other 
operations) 

i uttini toolss 

Tool coat/cuttinp: edee « *» He* l»oo (For all tools) 

Tool charcini! tine a T » 0.73 nin# (for drills and 

facing tools) 

a 0.30 ain. (for all others) 


lilniraura tool life for all tools « T^, « 10.0 min. 


..orK Material I Cast iron 

Constants « 35*0 ^ 

ip a 0.4 Equation for in Table 4f«l, 


Production Oatat 

Opemting cout/oin * •* 0.4u/iain (Orilling and 

facing operation 

« Ha. 0.10/cjln (All other 

operations) 

Handling tine/piec# • T « 2.5 min. (Drilling and 

* facing operation 

« 2.0 min. (All o'^er 

operations) 

Batch size » lOuO nos. 

r\ 

'\ 

Apart from the shove data^ the anteriority table required 
for sequencing of operations is as ahoen In Table 5*2. J^Rplasisition 
for sons of the imtries made in the anteriority table is as 


follows. 


Table 5 #21 Anteriority Table, 


3 ^ 
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Jescrlption of operation Operation 

DiOSSR** 

sional 

‘ eoae- 
trical 

Ti^tino- 

logical 

Jrilliiii'; of hole of 
ciiameter 10 «y lom 

1201 



eia 

ijoxj^.h I'cicinf, of the end 
with 120.0 p 

2301 

2312 



Finish facing of the end 
idiich is 120.0 in dla. 

2311 

2312 

Mie 

2301 

• ounterborinf' of hole die 
10*0 mra to i&.o 

103 

2311 

an* 

120 

Orlllinf! of hole dia la.O 0 

120 

2221 

2312 

- 

Fiourh tumini’ of the cutter 
outer surface length “ 

• 120.0 m 

2201 

1201 

m 

mm 

1‘inish turning of the 
outer surface L m 120.0 

2221 

240 

2311 

2201 

ohaisfering at the end of 
hole 25.0 0 

240 

2311 

««• 

mm 

I'iniah facing at end BB 

2312 

2201 


m 
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iirilliw of 10*0 nffii diameter hole has oporatlor., finish 
turniiir (2?.?!) as dlaexisional constraint since the centre of the 
hole is measured from the end marked M in Fie* >*1# Finish 
facinit. (?312) Is l^e feometrical constraint because the angle 
between tiie axis of the hole and the finished face should be 
•;ithin the specified limits, 

i ounter^rlng (103) of the hole of dia::ieter 15*0 mm has 
drillliif' (120) as the obvious technological constraint since 
counter borinr can not be done before drlllinc* Finish facing 
of the end (2311) is the dhaenslonal constraint as It is the 
reference surface for deciding the height of the hole, 

t3o far the basic essential inputs for oe^ieration of 
process plan are discussed* iani. the output of this exercise 
is as shown in i*ppendix B-1, 

Ixerelse 2 t 

The part drawing Is as sfaotisi in Fig, 5*2* The Table 5.3 
indicates the feature nuaber marked in Fig, 5*2 and the correa- 
ponding operation codes employed* The work material was taken 
as cast steel with initial blarOc shape corresponding to the 
final shape but with 5 mm of extra material throt^out* The 
length of the blank was taken as 140,0 am as against the 
finished part length of 130,0 mm* 

Apart from design specification the following data are 
also taken for evaluation of various parameters alnvolviial. 


Table 5# 5* ?eatui’e Uo* - Operation Code 
Used islble* 


Feature «o# 


Operation Code 
Used 


1 

2 

3 

4 


1201 , 1202 , 101 
200 
1601 
1602 


6 

7 

R 


2201, 2221 
2313 
161 

2302, 2312 
2301, 2311 



— — — 1 1 Work material. Cast Steel 

No. OF TEETH 24 Quantity. 1200 nos. 

MODULE 






57 


.iichin© toola* 

Efficiency of machine 'tool ^ o 
Maximm force acting during 

cutting on any machine “tool » F » 4U.*t hi:S (for all 

operation: 

Cutting tools* 

m Rs* l.oc/edge 

1’ a 0,5 min 
c 

« 10*0 min 

Work material t Cast Steel. 

Value of constants a 35*0 and 

Og « 0.25 (Eq# 1 in Table A*l) 

Production data* 

Oq « Rs* 0,10/nin 

T_ a 2*0 Eiin/pi6ca» 

P 

Batch size a 1200 nos. 

The other data required is anteriority table %diich is 
as ahonifn in Table 5 *4. Explanation for some of the entries 
mode in the table is as follows. 

For exas^le* the slot milling operation (1601) has finish 
facing of end (2311)* slot milling (1602) and finish turning 
(2221) as dimensional* geometrical and technologltial constraints 
respectively* It is so* because* only after finish tmim (2311i 
of the end X it is possible to fix the length of the ^ot as 
pet design specifications* Hence finish facing of «sid X (2311) 
is I the dimensional constraint for slot milling (1601)* Similarly 
slot milling (1602) poses geometrical constraint on (1601) 

i' 

i 
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U”ieratlon ntme/^ascription 

Oper.''.tion 

Code 

Dimen- 

sional 

Crcome- 

tricai 

i'echiio- 

logical 

Boring of hole PG»0 ^ 

101 


mm 

. 1202 

Jrllllnt' of hole 20*0 
mm, length 135*0 mm 

1201 


mm 

m* 

Drilling of 25*0 ram 
hole L « 13*^ *0 mm 

12U2 

wn 

mm 

1201 

Slot miling 





1. 

U *, 4>Orv\*v» 

V/ m G‘5<viiV\ 

1601 

2311 

1G02 

2221 

Slot Hilling 

L m 22^ovyf\rA 

B «# 3'^ rAvw 

y m 5*0 tvvwv 

1602 

2311 

200 

2221 

Gear Hilling 

Outer diameter 51*94 rara 
..idth « 20*0 am 

161 

2312 


2221 

SChreod Cutting; 

L m «30»0yv\¥v» 

D «» 35*0 Riv^^ 

200 

2313 

«N* 

2221 

^kjugh turning on outer 
surface: L » 135*0 mm 

2201 

2312 

101 

mm 

Fini^ turning on outer 
surface h m 13;>.00 m 

2221 

mm 

mm 

2201 

Hough facing of end A 

Dia, 33*0 ma 

2301 

mm 

101 

mm 

tiov^h facing of end B 

Dio* 51*94 mm 

2302 

2311 

«« 

m 

Finish facing of end i> 

Dia# 35*0 mm 

25U 

«• 

m- 

2301 

Finish facing of end is 

Die# 51.94 mm 

2312 

m 

m 

2302 

Finii^ facing of step, 

Dia* 45*0 nmt 

2313 

161 

22ZL 

m 


Tfabl# 5 *41 Anteriority faiaio. 
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hifher processing cost (because for selectloa of n^-chine tool 
ciinimifla rac^hinliv: co. t is the criteria). It is observed 
that the newly generated olan has lower procecoinc tiae than 
the oriplnvil one* Ihis raay be attributed to the fact that 
B^iChlning time is not considered as a criteria for machine tool 
selection* Also, it may be due to the reason tliat tiie cheapest 
machine tool takes longer processing time. 

Eaagpplc 3i 

The part under consideration for study io as shown in 
t’ig* 5*3. Table 5*5 gives the feature code marlied in Fig. 3*3 
and the corresponding operation code employed* ^art from ttesign 
speciiiC'^tions the folio .ing data are also tal:en* 

Machine tool > 

Efficiency of machine tool *» 0*9 
Maximum cutting force on 

any machine tool « F « 3uu*0 Isigf (for finii^ 

facing operai 

m 400*0 ItgfCall Oth 4 ^ 
operations) 

Cutting: tools s 

« n© l.QO/edge (for all tools) 

T^ *» 0.3 min 

« 10*0 min (all tools) 

Work MateriBLlt Mild Steel Bod 
Constants w 30*0 

Cg « 0.15 Table A*l) 

Production data i 

tt Ra. 0.10, T^ » 

O P 

Batch size m 1500 nos. 


a*0 min. 


Work material Mild Steel 










Table 5.5* Feature lio« Open'-tion otte 
Used Table* 


Feature Jfo* Operation Cod© 

Used 


1 

tL 

3 

4 

5 

6 
7 
6 
9 

10 


23Q2, 2312 

2203f 2221 

160 
2313 
223 

120p 101 

250 

2301, 2311 
1S2 

2201 p 2202, 

2222 
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Anteriority table for the part la as shorn in ?able 3*6» 

'ihe explanation for soise of the entries nade in the table is 
as follows* 

For drilling a hole of 10«3 lara diametert the drawing 
specifies that the circularity of the hole with reference to the 
outer cylindrical surface must be maintainedi. ilencei it calls 
for proper centring of the hole* Hence operation finish tumlz^ 
(2222) is done prior to drilling, (viz* (2222) is a geometrical 
constraint for (120))* Finish facing of end poses 

dimensional constraint because the hole length Is measured from 
the end B which requires finish facing* 

Operation, keyway milling (162) has f jUiiMi facing of end 
F (2311) from #iich the lehgth of keyway is est^liii^ed sm dimen** 
sional construihit* Slot f^'dllini' (160) poses geometrical constraint 
to keyway Milling (162) because the 2 slots should be oriented at 
right angles to each other* And finish turning (2222) is the 
technological constraint to keyway Milling (162) since ki^way can 

not be cut before finish turning* 

{ 

With the above input, the program is nm to generate the 
plan end resultimt process plan is as i^own in %»p«adix B»4)« 

^e part under consideration is a combination of the previou 
two parts along with one more feature i«e* externil splines* Hie 
part drawing is as iho«m in Fig* 3*4# ^atde 3*? gives the list 
of feature code maxlced in Fig# 3*4 ssid the corresponding operetion 
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Table 5 •St Anteriority Table, 


Operation name/ 
Description 


Operation Constraints 

Code Dimienr- TecEnoIo- 

sional tricai gical 


Drilling of hole 10,5 mm 
dia,, 40 mm length 

120 

2311 

2222 

mm 

Roti^h facing of end Y dia. 
24,0 mm. 

2301 

2312 

- 

mm 

Hough facing of end X dia, 
20,0 nan. 

2302 

- 

- 

- 

finish facing of end Y dia, 
24,0 mm. 

2311 

- 

- 

2301 

Finish facing of end X dia, 
20,0 mm. 

2312 

- 

- 

2502 

Finish facing of taper 
end dia, 350*0 mm. 

2313 

2312 

2221 

223 

Counter sinking 15*0 tm 
dia, - 18,0 mm dia, 

L m 10,0 mm. 

250 

2311 

mm 

120 

Slot milling 

L m 50.0 mm, W 5.0 mm, 
d «■ 4,0 mm. 

160 

2313 

•m 

2221 

Boring of hole 10,5 mm. 
dia,, L *» 40,0 mm. 

101 

250 

- 

120 

Key milling 

L « 60,0 mm, ¥ « 5.0 mm, 

D m 2,0 mm. 

162 

2311 

160 

2222 

Rough turning from end 

Y to taper L «. 120,0 mm, 

D w 35.0 mm. 

2201 

2311 


mm 

Rough turning from 
end Y to taper edge 

L * 120,0 mm, 

D « 30*0 mm. 

2202 


mm 

2201 

Rough turning from end X 
to taper edge 

L m 60,0 mm, B m 30,0 imu. 

2203 

101 

• 

mm 

mm 

Finish turning from end X 
to taper edge 

L « 60,0 omi, D » 25,0 smi. 

2221 

223 

mm 

2203 

Finish turning from end Y 
to teper edge 
h m 90*0 mm* D « 24*0 imn. 

2222 

2311 

mm 

2202 

Taper tuzning 

D, m 50*0 am, » 40*0 mm, 

^ ^ 0^ 

223 

2311 

mm 

2203 
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Table 5 #7* Feature Operation Code 

Used Table# 


Featupre lio* 

(deration Code Used 

1 

2301, 2311 

2 

2302, 2312 

3 

2313 

4 

120, 103, 240, 13C 

5 

2201, 2221 

6 

163 

7 

161 

8 

225 

9 

230 

10 

200 

11 

130 
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codes «nploy«d» 'iSie following data are also tauten into account 
^art from design specifieations* 

Machine Tools ! 

Vm " °*9 


F 

cu 

» 350*0 kgf (for Finiali facing operation) 


40U.0 kgf (for i^k>ugh fu.cing operation) 


425*0 k|;f (all other operations) 



% 

•• Rs, 1,00/edge 

c 

• 0,5 min (facing tools) 


0,75 min (other tools) 

T 

« 12*0 min 


»«ork Material s i^ld Steel rod 


Constants and Cg are 4:?.0 az:^ 0*3 reopeotively (Eq* 1, 
Table A,i)« 

F^roductlon Data i 

S ** "‘®* (Facing* Milling) 

Tp m 2*0 min (Pacing) 

2*3 min (oidiers) 

Batch Size m 1300 

Esplanation for some of the entries made in the anterfoil’^ 
Table 3*6 is as follows* 

counterborlJig (103) has tailing (190) as gmmttriM cons** 
traint and drilling (120) as technological eohiff^paint* wia* to my 
eouBiterboring is done after tapping to Obtain the shaip 
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Table 5«8i Anteriority Table. 


Operation name/ 

Operation 


Constraints 

Description 

Code 

dimen- 

sional 

Geome- 

trical 

fechi^ 

logical 

Rough facing of end A 

D *■ 45*0 mm. 

2301 

2312 


mm 

Rough facing of end B 

D m 35*0 BSIB. 

2302 


- 

mm 

^inish facing of end A 

D m 45.0 mm. 

2311 

- 

- 

2301 

Finish facing of end B 

D •• 35.0 fflffl. 

2512 

- 


2302 

Roi:^ turning of the outer 
suz^aee, L m 280 mm. 

2201 

2311 


- 

Finish turning of the outer 
surface, L « 2^.0 mm. 

2221 

223 


2201 

Taper turning, » 55*0 mm, 

Dg n 40,0 mm, a » 7.45° 

223 

«i!e 

- 

2201 

‘'oiaiter boring, D » 20,0 mm. 
w 5.0 mm. 

103 

- 

190 

120 

Drill hole of 15.0 mm, 

L M 30.0 mm. 

120 

2313 


- 

Counter sinking 

D^ « 25.0 mm, Dg » 20,0 mm 

L m 5,0 mm. 

240 

103 

wm 

120 

Thread (Internal) cutting 
!CI5«0 mm, L m 20,0 mm. 

190 

- 

mr 

120 

%d Milling of Slot 

D m 2K>*0 mm, W » 5.0 mm. 
d m 4,0 mm. 

161 

2313 

250 

2221 

Spline Milling, 

W *B 10 mm, d « 4*0 mm. 

163 

161 

mih 

2221 

Keyway leaping, 

L m 30,0 mm, W » 3.0 mm, 
d w 1,5 mm. 

250 

240 

mm 

2221 

Thread (External) cuttii^ 
M35.0 mm, Pitch 1,5 mm. 

200 

163 

mm 

2221 

Finish grinding of uplines 

130 

200 


55>yi.. 

Finish facing of the edge 
face of splines* 

D M 60,0 mm* 

2313 

2311 


- 
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edge at the interaction of threads and enlarged h 1 g, Otherwise, 
the internal thread cutting operation may spoil tS.e edge of the 
hole# Drilling (120) is the technological constraint because 
counter boring can be done on y after drilling# 

Slot Milling (lol) has heyway shaping C25o) as geometrical 
constraint beeause the alignment of slot and keywny should be 
achieved as per design specificutions (viz# 90 )# hnd facing 

(2313) of splines is dimensional constraint since the slot dimenr 
sions are decided by that face# ^ finally# finish turning («» 
(2221) is the technological constraint* 

the other entries are made as per the requirenents and 
demands of each operation# 

with this set of ir^ut# the program is anni and the resultant 
process plan obtained is as shown in Appendix 

the variation of the above problem gives us another plan 
when one of the selected machine tool for any of the operations 
is mad© imavailable# the program is rerun for the mm iignit to 
get the modified process plan nhieh is as shown (App# 

It is once again observed that the total machiniiig cost for 
the part in the aK«iified plan is more than the original plm# It 
is also observed tliat the processing time is lower than that of 
original one# 



CHA-ltii VI 


SIMUHY 

III this ch^s^tsri, the oonclufdons for pi^oont mx^ and 
suggsations for futur» dsvelopiaeRt are proa^ntad* 

6#i cowwuj;;io:;si 

4ie d 0 sien» 6 . t.*iPP-Pi’’ aysteru is partly interootive in nature. 
In this system, the coding of parts is lior*® interaetively on a 
CJXS tenainal answering a set of quaries dsscrihin:; parts attri- 
butes, Xhe source program of the systm in con;Jismtlon vdtii 
englneerinii databnce aynthesizc-r the process ploi'i, 'ilae process 
plan output cosprises operations sequence, GDaclilno tool selected, 
nuchinafoUity Data dysteras (optimum ^«d and feed for cutting), 
machinlnr time, total processing time and machiniic cost also, 

Ihe ayntm is capable of generatine procesa plans efficiently 
for different types of rotational parts. It is also of 

renerating alternate plan when one of the machine tools becomes 
unavailable (due to breakdown, maintenance or loaded with high 
priority dob). This feature of the system helps the planner/user 
in TOJ environment to generate alternate plans in real tint* 2Sis 
system is capable of generating process plans for wide variety 
of parts requiring lai^e number of opei^tlons to be psrIOraed* 

It has been tested for parts requiring as ma*^ as 17 operations. 



n 


6.2 SmiGEOTOhS FOR DEVELOPMENT* 

pr« 8 eixt; »y»t«m can be oade more comprohonaive by 
incorporiiting liie following improvments. 

(i) Interfacing with a coc^rehensive DBMS 4 Aq already® 
mentioned, the systems makes use of a set of sequential files with 
some programs to add and delete the records fron tl:®ae files* 
Interfacing the system with a coimaercially available more cou^re* 
hensive DBMS package will in^art more programi floKibility ta the 
system* 

(ii) Oevelopinfs an Intelligent procedure for the selection of 
process! Presently, the selection of processes is being done by 
the planner/user* The sugg ested procedure shotAd select the 
suitable operations based on part code generatesi# 

(iii) Developing an intelligent procedure for operations 
sequencings The important step of preparing the imteriert^ 
table in operations sequencing is done by the planner/user# The 
suggested procedure should identify the type of constraint and 
also the constraining operations that each ©perdition has* 

It is observed lhat most of the process planning activities 
are not quantifiable* Hence it is suggested that the future 
emphasis ^uld be in the application of AX techniques like Expert 
Systems which are basically rule drivers* 
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APmiQTA A 


PROCEDUHE FOR OPTr^Z<iTI i. HOiEL 

As already discussed in Chapter III the optical values of 
speed and feed can be obtained by »5lv3nc Ihe follov/ii^sg optimisa- 
tion problem, with mininiasatlon of total machiiiinc oost as 
criteria, the objective function (Z) is writte as, 

Minimize 

2 * \ V^l * ^ \ *** % 

and constraints set is 

Bounds on speed t ^ ^ « ^u 

iiounds on feed i f < f ^ f ^ 

Bounds on Power i P < « 

Bounds on Torque * T^ \ilow 

Bounds on Tool lifet ^ T 

It is observed that the objective fimction is a function 
of machining time (t^^) and tool life (T) #iich in turn are 
function of speed and feed of cutting as it is evident from 
the relations of and T for various opereitionE as given in 
Table A.1, These operations include turning, drilling, milling, 
gear milling and facing, Ihe objective fuf^tion and as well as 
the constraints set can be rewritten by substltatiiig Ihe axpree* 
sions for T, P, and T^ for respective operations* 





For eacaraple, turning operation, the objective function 
takes the form, 


'MnimizOt 


» ‘^o " “ ^ , n.».B.L d 3 

ie;js.T; ' f '~ * loou a — ^ — 


L -t’ T #0] + C.T 

** t e O'* Op 


and constraints area 


Vl 1 V < 

*1 i i 


^0 i*'cu 

p 5. Pm --I 

T, <. T 


ra 


where f 


cutting force during turning is given tiy [93 

5 „ . . J , tl.^ . 5£§. , J L ljsjQ^ [30.3 * 0.0105*0, 

® cos (j. + 1 -f) sin p 

kg 

According to Shafferi the value of (| 4*?j**f ) can he taken as 
Ti/Jk [12] and hence 

« 1 4- cot b tt 1 •» 

Cos v^l sin j *‘ ^ *** ’ COS'/ 

idaere K is '^e chip reduction coefficient and is given taf [93 # 


3 ♦ 0.7 


k HI 0.9 [ — l^s-!2=s-r* 
\| (I'-x)^ ♦ X 



with X 




%e vtauwa of and Cj, are constants for any porticiaar worl: 
raateriai. 

Power (Pi - ^"|5§6; " §^ ' ~ ^ 

t « t « C£* 

and f » a/V®f^d^ 

where a, and are constants for ai^ woj^t naterial* 

taie above optimiaation problea is solved ao follows. 

It is observed that the nature of the objective function and 
constra ints is nonliiiear due to the presence of e^jponential 
v«ina tri^toiiooetric terns, hence it is solved as a non*"; inear 
rainin.: action problem. To db sO| the problem is first converted 
into a 'Jiic.mtr-Xmd miniiaSsation problem by interior penalty 
function technique. 

‘Penalty function methods tranafona the oidcinai optimi- 
aation problem into alteimative foradlationa such that ma^xdcal 
solutions are sought by solving a sequence of unconstrained 
optlmis "Silon problem, 

ior eacample, 

^itvi X m Xgf 3C^t *•*§ 3J^) whieh 

^^nlmisses f<xi subject to 

^his converted into an weonstraiaed Mxs^mWm 
problem eonstmcting a function of the foxm 






- X(X) + I G, 




1 

J 


i4i«r« Gj is sons function of the eonstr^nt ozid r|^ is a 
positive constant known as penalty pazweter* Xf the imcons* 
trained minimisation of 0 function is rotated for a sequence 
of voliMis of ptfmlty paramter the solution may be brought to 
converge to that of original paroblen stated in (I)* 

In our Case, interior penult/ method is cho::en and the 
form of G^ is as follows* 

^3 ■ 
and hence 

0y. - 0 (x, rj^) - f(X) - 


'Xhe converted problem is then solved by Powl*s method 
(basic illy a pattern seax^h method) or Xkividon Xlcfteher Fowelr 
(DFF) method (basically a steepest descent method melting use of 
derivatives of the function)* Ihese two methods are esi^loyed 
in order to take care of both quadratic and nonquadratic nature 
of the ob;)ective function and constraints set which kec^s 
changing from operation to operation* 

Powel*s mthod of solving tsiconstrained miniadimition for 
quadratic fisfiotions is found to be very good than other se^sods (15 J 
l^is method will minimise a quadratic fwtion in a finite nu^er 
of steps since it is proved that 'biis is a method of conjugate 
dirtcticms il5j« ^ various steps in solving a wccnatfalned 
minimisation problem by Powells method is aljown in flow chart* 



oethod is th# btat gmeml purpoa© unconstr-iaod optlfidzation 
technique making' us© of currently uvuilnhle derivt-tives of tim 
function* ®ils oethod is vety powerful and conwrt;©© quadrati** 
cully [since it is a con;}ugate direction method)* It is very 
stable and continues to prorreos towai'da the miiitj.itTO eiren 'while 
minimi ainft eccentric functionfi. Xhe stability of tiiis metliod 
is attributed to the fact that it carries the infcmatloa 
obtained in previous iterations thjwjugh the »iusoion matrix* 

The itejwative procedure of this method can be stated as 
follows 3 

<1) Start with initial values of i®>eed laid food and a ? x 2 
positive definite oyaraetric matrix i^ich is tolcen as a 
identity matrix I* Set iteration no. i « 1, 

<ii) Compute the gradient of the function« Yi^ at the point 
and set 

3|^ «» *• Hj‘ 

m (•** is Identity matrix) 

(iil) Find the optimal step length ^ in the dim* ty one 
dlmenoJonoi nlnimiaation technique (ci&ic interpolfttloa method) 
and set, 

^i4l *• ”^1 

Civ) Test the new point for optimaUty# if i^l the 
yaritfjlea have changed by the desired amctmt as specified earlier, 
tenainete the itesetive pmmm$ Sim go to (v)* 

(v) Update tl» matriac H as, 



whtrtf 


iind 




U, 


“’i '' 


Oj^ 


Q* « 


** '^^’i 


(vi) Set the inew iteration number 4 *» md 0o to (4i)# 




w i HI 


ipf ini 


i»*7 




Fig. C.1 Flow Chart for Powel Method (C is D) 
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s’lUISil EACT'JG OF E^D A,DTA=3S.O 

2311 

13 

PlViSH FACJS'G OF S-aa B,DTA=51.94 

2312 

U 

FIMISH FA:I.JG or STS? DIA=45.0 

2313 

- ^ - t » 


MDTS; AbL OI'^S'lStD^JS IH m,’ 

LstiSHGTti: i = 3€;oTh j DsOlAMElER ? H = -^TOTHl . 







The EALL3Wl>i'?i r‘4^fjS Tij'E OPERATTJM r>£iSCSlPlT J^’ AO 

XhE C!0R513S?3‘J3C >{3 ^SISG Er.'.5^l,UYEr?, TS 3T^K‘^ J•^ 

INTERPRETS i-li J'’S.RA.ri 0 *f^C3yS UbED if' THIS EKft^fPftS, 



DPSRU’IDM 0KS:R^!>i'IQ^; 

JPERATXOM 3 . 00 E 

i 

HDRIMG 3F i13Ls 26.3,tsTj dIA. 

101 

2 

3rTu’L.iIM 3 or *I 0 LS 2;3.^1^^^,I.f;^^ = li 5 ,^^■n 

U3! 

3 

ORlufj'IMS JF ROLE 25. ?MT ,T.EV = 13?l,!)T!’n 

1?3R 

4 

SLOX '^TLLIMGJL=25,3,8=4,0,Ms6,5 

15 01 

5 


15D2 

6 

G-r3 ^illsouter r>u=5l.94,rins?o,0 

151 

7 

r-lRE’lO :‘On’rMG:[i=30.tJ,Ds35.!l 

200 

8 

RO't'i.f TJP1 OM OJTER SURFACE, Lsl35,() 

220 ! 

9 

riMISd T'JRI Oh outer surface, u=135.U 

2221 

10 

ROUST s'ACl'JG OF gHD 4 0X4835,0 

2301 

U 

ROUS-f fACU'G OF Fh[> r. DI.As51.94 

2302 

12 

TI'IISH FACIHG n? SMD A,DXA=35,0 

2311 

li 

s*I'irSd FAC'IMG or S«D d.DlAs51,94 

2312 

14 

rcMXS-i FACIMG or STgo f)IA=4S.O 

2313 

MOTS 

: ALL Oi4EMSl3US IM 1 ^tl,- 


b = 

LEMGTH t 3 *■ OEPTH IDs DIAI^ETER ; W = 

itfXDl’H . 



PKDCESS 3 i? TiS OftRF IS ftS FALLOWS 

pari cods S 1272233513 uATERIAL : CAST STSSti.i 

fAMli.Jf :3i)E : BliftfK 5TZS! S'*.0 tji» S-ISATES &IA, * IRQ, Own UPS* 

. 5 ^i^pj j^37 5£7 ^e . SS.OftH SSFATER DlA, * IPU.Omu UPS* 




SLSO 

3P:33S 

iCTurraoE 

DE.PC)5r 

nprsP£E3 

3?,TFSE0 

^ACH.nSE 

srriTPTiwB 

i?:s.rTSE 

psoctime 

CflST 




Cin asm) 

fio 'p/min) 


fm mlo) 

Cifi irio) 

t 

'• « * ^ ^ 

fii «in3 

fin min> 

cm »i 

1 

12JI 

1 

b.OOO 

56.314 

1.439 

o,U40 

0-<i1 0 

0,334 

0,055 

0,209 

2 

123? 

'X 

1.2,50^ 

99, 253 

1.439 

3.047 

o-ot I 

3,034 

0.064 

0.210 

3 

1 :i 

7 

0.2SC 

114.615 

1.439 

y.C61 

0-015 

0,03b 

O.OlS 

0.315 

d 

2331 

2 

a, SOU 

39.990 

1.438 

0,10b 

0-0^6 

0,010 

0,1 44 

0,253 

S 

2311 

2 


?7.0y0 

3.153 

I.O 60 

0-9h6 

3.136 

1 .430 

0.47& 

6 

2352 

2 

O.SOG 

J 4,090 

1.495 

0.201 

0-050 

O.a?!) 

0.?7?- 

0.302 

7 

2312 

? 

rt.2S0 

75.000 

3,133 

i,0?4 

n-«7S6 

3.332 

4,013 

0.361 

8 

220! 

5 

3.?St 

1 i4.7B4 

U499 

C.C'58 

0-014 

0.015 

n.n/R 

0.258 

9 

222) 

5 

U » 1 fj u 

131.69? 

1.499 

O.04b 

0-011 

3,334 

0 . 0&1 

0.22B 

10 

15) 

i 

O.iOC 

11 . 1 18 

1,493 

0.7^2 

0-1 rt5 

0 , 37 % 

1 ,092 

2.2?9 

11 

2313 

? 

O.JOC 

59,090 

3.328 

o.Of'o 

0-001 

y.03j 

0.0 on 

0.201 

12 

?0 5 

2 

o.isc 

11.118 

1.499 

0 . 749 

0-1 »7 

0.374 

1,01? 

0.13 

13 

165? 

3 

0.500 

6?.7o^ 

1.477 

0,000 

o-ooo 

3,330 

n.O30 

0.200 

14 

1631 

•i 

C 

J,700 


1.456 

0,004 


3,330 

0,036 

0,200 




: ♦ lS3i:\r£S M3.\ W&ILABTMTy. 


TirjffiT* vr.trrr t~\nnrn 


f 4 


r \i ri 'i - 


a f < 


-li^G T'lS TV’ ^ P^RTtClHi^R MACBrNF, 

TTM; -' 1 'J.'>lC2^rFS fH*2 nr^u TTmii: for WBTCH fnK fl/" TJlu' I*; 

DCCUPIFO av fTS PfiRi’, 

PATIG - I'jorjftfirs Thi RJil'IO OF THF OaCBprtD By i’Hi PfikT* 

Gfv a*^E "A/z ’‘33(1 ^’in Tkri, PHnCK&cf^Jj rT^ME, 

'‘■*/c TNG : 3 ‘>( • ir ts rBc T^^^^. h/z C'lsr nr i’he p^^t^ 3^ th 

-AT »?AC‘ir.!.F. 

• ••••••• **‘**«'»*^a ••**««••*•*•«* » «i 


1/C MO 

(TM Tlrv) 

ratio 

M/c TfiG casr 

(X'l 1>S.1 

} 

O.all 

7.0C 

3.0U0 

2 

7,05 

0,04 

1R.?1C 

3 

1.7& 

0.12 

2.42^ 

4 

Q.U 

3,01 

0.420 

*5 

3,14 

3. 01 

3.487 

6 

’}(• 

3.00 

3.030 

7 

n, jo 

.),nO 

3.0C0 

R 

O.C»3 

0.''0 

3,030 

Q 

O.Ob 

0,00 

O.OlO 

10 

3,70 

o.ito 

3,030 

It 

0 

3,00 

3.000 

u 

3*30 

o.no 

3,000 

t3 

•3.30 

3,00 

O.nOO 

1 4 

3.3*' 

3.00 

3.000 




t APPF.^DIX * 

t4!**t^*******i^* ****** 


THE FALLO^il^S. I’ARbE GlV-:S TfiE nPFKAIIUN nt^CRlPTTDH AND 
THE CORR3SP3'iDI''S C3DE dFIVG EMPT-OYED, fUlF TS G^YEN n 
TNTSRPPEr'E ri£ GPEf^A HSEU I»I TrfiS EXA^spLi, 

TpERAfI3M DE?CRlPriO?8’ DPERMTDN ?J^£ USED 

I { U V •••••••••■*#•*• V ♦•*«’•••••••••» **V'***^****» 


1 DRlLiti'I'iG 10. Sum niA,,Lc-N=40,C 123 

2 R^fJG-I B*AG£'3G OF y njA,=24,0 2'301 

3 RD'JG.i 'jF FNP Y niA.s'^O.O ?302 

4 Fl^'lSri PAGING OF END Y I)IA,=?4.0 23'U 

5 FjMS! FAG.tnG of S^’D \ DJA=2C,n 2312' 

6 FI'JIS'! facing of taper EWf} aiAsSO.O ?3U' 

7 GDU^fjrsIMKING 13.0 r>IA. TO 18.0 DIA. 250 

8 SL**!” DcA.O ISO 

9 33RING 3E HOLS 10.5 DIA,I.=^0,0 lOl 

10 '«Hl,i.Cj=6&.O,W=5.0fOs2,O 152 

11 9303.1 TURN FROM END Y TO TAPER, li=l?0.0 

0lA.«35.0. 2201 

12 R3'TG‘5 turn FP3^1 END Y TO TAPER, l»»120 .0 

Dl».«30.0 2202* 

13 RDv^3.-I TUR-I FR0?« END K TO TAPER EDGE. 

ti = 60.0,DIAa30.0 2203> 

14 FlNlSi TURN FRON END K TO TAPER EDGE.' 

L«SS.O, DrAa25,3 2221‘ 

15 FINISH TURN FR05 END Y TO TAPER EDGE.' 

r.sOO.O, OIAS24.0 2222' 

U taper turn, D lsSO. 0 , 02*40. 0,AI,PAa7,8DSGREES. 223- 



PROCESS 37 XtifT Papr IS ftb FALLOWS 


Part COJS . ?S122133D3 OATERTAL : ' 5 Ti,D srSSL.' 

’^A'*ILy C30E z ULA»IK SIZE: SS.OOth JREAfER 0Xa. * LS’*-* 

®ATE • 6 ’4AR 87 FART SIZE I SO.OttH SRSAfER DIA. * IRO.O'^'B 





I#***#* 




• • 




♦ « «F » 9 « « ft • 


* w m- m 


SO'*. 

SL’*IO OPCOOE yC’^LCODb DKPCUT nprsPERi) DPTFEEO , I'T^iE *4Fr0PTf«E Mt/CSl'TMF PROC!’’I**E COSf 

(la mm) fin -n/ininj (Bn/rav) fin “inJ iP'ni fin uln) Clft ■»ln3 (iP Ps5 


1 

2332 

2 

1,250 

f 

14,090 

^ ^ % 1, 1- ^ 1 

I.495 

.-.0 32 

0-008 

0*003 

«ft«-ftft«^ft ft** 

0,041 

0.202 

2 

2 312 

2 

0.25U 

59.996 

i.'435 

7.200 

0-049 

0,019 

0.269 

0.202 

3 

2^Jl 

? 

1.250 

39.999 

1'.495 

i-,05<i 

o-on 

0.095 

0.073 

0*204 

4 

2 311 

7 

0.25 A 

55.559 

l,494 

v,337 

0-084 

0.013 

0,456 

0,204 


2^*1 

4 

i .OO'j 

99.689 

1.'2 49 

..190 

0 -*0^5 

0.018 

9.2*3 

0.245 

6 

22 7? 

5 

1 .OOo 

99.425 

l.'249 


0-021 

0,018 

0.114 

0*221 

7 

2^22 

6 

L.S^'Q 

119,641 

1.246 

..153 

0-013 

0,095 

0.071 

0.226 

Q 

1 

2 

5.000 

43.267 

9,324 

o.ons 

O-OOl 

0.090 

0.006 

0,200 

q 

7b: 

3 

a. 500 

35.900 

9.524 

, , oOu 

0-000 

0,090 

o.oao 

0,200 

1 C 

1 01 

3 

U.25C 

104.734 

i.’7 3 8 

..tOb 

0-2301 

0,390 

0,009 

0.201 

J 1 

227 3 

1 

1 ,0f»c 

99.^46 

1.249 

}, .5o 

0-014 

0.015 

0,076 

0.270 

12 

??3 

5 

0.500 

113.641 

i.'2 45 

H9 

0.4 «? 

0.074 

1 .ni2 

0.154 

13 

2221 

5 

1.000 

99.390 

1.2 49 

0 . 1 94 

O-OOR 

0.093 

0,046 

0.243 

lA 

233 3 

1 

0.250 

59.656 

9. '393 

t ,1«& 

0-0 <7 

0,314 

0.232 

0.201 

15 

15? 

? 

o.Sfoe 

39.473 

9.-325 

a,L»02 

0-000 

0,090 

O.O03 

0,208 

16 

1t>2 

2 

0.5OO 

. i 

6I.999 

9.-3 25 

• '■ *t *f V *» • S * 1 

. 006 

0-001 

* 

1 ft V ♦ * ft * ^ » *ft « "ft ( 

0 . u90 

r 

0.O09 

0,200 


•aoi'E 


♦ I'OTCArrS JON V/ATLAbTLTXY 


TiiK FAr.LD/ji\i, rA'\[4F: a sTn’isTirAr. T:jFaR..iAfT 

‘1PC4T^F rj.'^L ^rcnpA'iCi , jccfrr!i[,ry hatto Afo tie chst hf v,A:iiiM 
-TMG THE P''-?r T*' a t»fRriCUL.AR RTACHTHr, 

Ti*!? ISOrCAIES rff5 F!1T5<. TIME FgR .I’HTC I THK '1/'' TDTU' IS 

OCCUPIED BV r^iE PART, 

RATIO - J iurCMEa THE ratio of TUF Tl"«h jrcUPTe.r) Pir TIE PART 
ON JMK 4/: not. AMO The PRnCF.S‘'iM3 fT42. 

^/Z IMG nsv - XT IS fHE TOIiif. H/C IMG COST' np iRg PART 3^ TH 
-AT ^ikZilUZ, 


M/C fjo 

Tr4£ 

C’^'j nin) 

RATIO 

fvc iNG rjsr 

(TM Rs.) 

1 

o.^a 

a. 07 

0,401 

2 

C.Bfi 

G.32 

1.415 

3 

D , ^ n 

o.ou 

0.201 

4 

0.31 

a. 12 

0.51ft 

S 

1.24 

n,47 

0.846 

ft 

n.ro 

a.nt 

O.OOn 

7 


n.oc 

o.non 

R 

0 . f' c 

n.no 

0,000 

9 

(?, ;»f 

n.nv 

0.000 

in 

O.CD 

D.eC’ 

0,000 

11 

a. 0*3 

u. no 

0.000 

1? 

. i.* t* 

0.00 

0.000 

n 

w.pn 

n.QC 

0.000 

14 

0 • r n 

o.oe 

n.ooo 

IS 

u.uo 

o.eo 

n.ooo 

1ft 

o.nn 

s.oc 

9,000 

1 - 





* aPPP^OIK R«5 ♦ 


THE FAI.[i3*I‘43. TAf^UE GIVES Tr!? npEBATIOM DESCRiPTTDW AtO 
THE CORR3SPi'?Ol.\J3 Ca^E ^EIMG Evp^UYLP. THJS IS G'TVEm TD 


INTCRPRSTE MS aPEPATlOM-CDDF IfSED IM THIS EXAMPLE, 

DPSBU’n'3 nuSCRIPriO!^ 3PERRn3H :J3£ useo 

1 R3T3-1 FACE 3F K'lO A.0IA = ^5.C 

7 , P3'J3>H pA 3£ 3K B. l)TA=3'5.0 2302 

3 S'l'IlSH FR:e 3F SWO a, nlAs45.y 2311 

4 FT^Mh face 3F 5Wl> H. niA=i35,o 231? 

5 R3LT3.3 TilR‘.) DUTER SIIRFACE, La280, V 2701 

6 s'lYlSK aUTSP SURFACE, Lk?80.0 2221 

7 taper TifPv.Dl=S5,0, 02*40. 0 ,ALPAs7. 45 DEG, 223 

8 :3iHP'SRd'lRF,.DlAs2D.'U,L=30,P 103 

9 'JRlli.Ui. 3TA=15 .{Mi=3'v,U 120 

10 DDll'irsRstMK, 01=25. 0 ,d2s20.0,L1s5.0 240 

11 UTERVAU' rHREA0rf4G,'Hl5.0,L=20.0 190 

12 ZkO 4,If.u(Sr.OT),L=i0.O,v4=5.O,Da4.O 151 

13 SPlil'JE ‘.llULlArG 4*10.0,0=4.0 163 

14 KEY^^AY SHAPI''»G,L.»30.0, -J*3,0,D=1,5 250 

15 EXl’SR^iAli X’<lREAnEMS,>i35.0rPTTCHsl,5 200 

16 FINISH GRI!«0ING nr SPLINES. 130 

17 PlYISH FACS OF SPLIKS EDGE, 2313 

• . 

NOTE ALL' Ol42l4Sn?iS IN Ai. 

L » LENGTH ? D * DIAMETER J B = DEPTH ; » * NIDTH, 



THK FAfjiOAT'n. r<^3L,E ^uvss ^ siAn&TirAr. li^FaRviaii 

«ArHIt%'E r33t> J-3!JpAMCk', DCCdpf-jry pario Af'i) f TE CHS?’ fJF VtAJHI’i 

-T'«G rH£ paRF 3v A PARTICJr.tR ►'AChTnr. 

TIMJ - I'OrGAlFES FHS ITVAb TTf-F FtlR FriTC-T TjiP M/C 1331,' IS 

OCCUPIED ay ns part. 

RATIO • I'JalCAr'J’S FHi RAl’TO OF TliF TiMfe; orCUPTEO Ry ISj; PART 
OpJ owe Hl/C i’O'Jf, A‘J0 XHF TOT’Af, PPOCF&SING JTM^, 

*«/C IMG C3Sr « IT IS i(Fh TOTAL, I'/C IMG COST OF iHE PRRT 3^ IH 
-AT MACHINE, 


M/C MO 

ri4E 

cr^j Ain) 

1 !j, ‘fl. -p j ^ j ^ ^ l, 

RATIO 

M/C ING C3sr 

ciri Ks ) 

1 

H.'3? 

G.37 

3.087 

? 

0.'6P 

0,03 

4.054 


>J.44 

0.02 

3.120 

d 

ll.DI 

O.SiJ 

10,040 

S 

0.4S 

0,0? 

1 .181 

S 

i.Cs! 

0.C4 

0,154 

7 

t*./c 

o.on 

5.000 

B 


o.co 

0,000 

9 

t-.CL' 

o.ec 

0.000 

1C 

C, JL 

0,00 

0,000 

11 

C.'3C> 

o,ro 

0.000 

12 

S.iG 

c.oo 

9.000 

13 

M # V V? 

0,00 

5,000 

14 

i!,C>0 

0,00 

0.000 

15 

u^(HS 

0.00 

0.000 

16 

5,D») 

o.co 

0.000 

17 


5.00 

9.000 





* APPRjjRiy B„<5 * 

±4¥**¥¥¥*¥*¥ ¥*¥*¥¥*¥ 


THE FAI^Ci'^^^T^»:5< TABliE Gl^ZS THE npRRAi'TOH DERCRIPIT^M AfO 
THE CORRasPS'Slir '.j'’. CDOK aSli'JG EMPriUYEn, IHIS rs 5.IVE!I i'? 
INTSRPRSrt PSEU If’ THIS EXAMPfiS. 

• • ••• '• 

Dps'svrU'^f DEScniPi’toiM ipFRAri3H :aos used 


i 

RD'Ja.-! EACS OE F.\0 A,DlAs45,C’ 

2301 

2 

'’ACE 3F W B, DlA=i5,0 

2302 

3 

s’l^'iS-i FACE “IF END A. DIA=45.& 

2311 

4 

ST'US^ y\Z'F. DF S.'JO U. nlA=3b,0 

2312 


R'J'KM 31ITF.R SLlHFl\rfc..lis280. 0 

2201 

6 

FMJSH T'IR'J OUTER SURFACE. L=? 8 '»,C 

2221 

7 

taper TUR\i.Dl=5'5.D, 02 = 40. i),ALPA=7. 45 DEG-. 

223 

f> 

:'3U‘3r'£Rji3-is’,oiAs2D,5,l4s30.0 

103 

9 

D'RT'VU', JTAsl5.O,l.s30.0 

120 

10 

C'iU A rSRSTA{K. [11 = 25. ,4,02=20, 0,01=5. 9 

2'47 

U 

THTERHAO THRSMUMG.tn5.0,l.s2O.n 

190 

J 2 

SUO ■Uf4'[4( SOOT), 0=30.0, (^=5, 0,D=4.0 

161 

13 

SaOl'iS 4I0if.lHG 4=10.0,0=4.0 

153 

lA 

iCSV'wA’.f SHA'»I^G,L«3fi,0,ws3, 0,0=1 .5 

250 

15 

EXTERJiAt, THHSAD£'JG.'M35,0rPTTCii=l.5 

200 

16 

Fill SI GRI'IOI'MG OF SPlilHES, 

130 

17 

FINISH FACE OF SPOTHE EDGE. 

2313 

1 fi V ^ft ‘9 *ii 4i iF 


HOTS Dl'«5HSia«S IM HSl, 

h S LEHSTH ? D = diameter • B = DEPTH ; W s iJlDTH, 


» /iPPE^lDIX P-.S ♦ 
************ if * 


PROCESS 3E TriE PftRr IS ^S FALr.OWS 


PaPT coos 

- - - - ^ 

; 1532233333 

^ _ 

MATFRlAf* 

pamily C3j)e 


BT.&f^K SI2S 

date 

l 5 ^tA« 1937 

» ^ t , 

PART SIZE 


I * I f • **•*•***•*•• If •’ * 

.iTLOSTLSL.* 

&5.0Ti'»' 5f^EiVTeR Dia, * 255, OmB uFM* 
oO.Ont' * 2i5,?«Tt Iti'*', 

0 

( « - t I t ••••****••*»* 








SL*10 

3P:33£ 

.4 i ^ i * . _ ‘ ^ 

■^CTBcaon 

^ ^ f t 

DEPCUr 

(in mn') 

1 

233? 

Ot 

£ 

0,500 

2 

231? 

2 

0.25C 

3 

2301 

2 

a, 5 nr 

4 

231! 

2 

C.25t‘ 


2?'31 

b 

0.400 

S 

223 

4 

U.25L 

7 

22/1 

4 

0.100 

a 

2313 

2 

0,100 

Q 

120 

2 

B.OOO 

IC 

193 

2 


11 

1C3 

2 

o.ooc 

12 

?i: 

2 

0, ipo 

13 

25 3 

2 

0.150 

14 

151 

2 

f<.25( 

15 

lo3 

2 

O.bOo 

16 

7ei 

2 

&.25C 

17 

133 

6 

0.250 


OPTSPSF3 3P.rFSfif> '^aCH.TI^F 

fin m/'nin) (nu/rev) fin win) 


44.990 

»***•*•**'« i V m 

1.-49S 

U • tf ^ 1 

bo.oao 

3,4 30 

^ ,bl6 

40, ''00 

1.499 

l.lOo 

65,0u0 

3.130 

1.599 

1 25,93® 

1.499 

U.3U 

34.27? 

1.498 

u.74y 

70.000 

3.130 

7.903 

55.O0O 

1,499 

t>,c.4l 

43.000 

3,-324 

. -i.COO 

4 ^ f * 5 P 

3. -324 

u. 749 

45,000 

3.324 

C.7^9 

45.000 

3. •321 

b,749 

62.955 

1.499 

C,749 

93.272 

1.493 

L .003 

I®. 997 

1.-439 

t/.357 

02.855 

1.409 

i .749 

94,27? 

1.493 

..749 


sprtlPfrwE '4/CSrtMF' pro^TIWE 


M® tija) 

(la tulnl 

111 ulnl 

o-o?o 

U.S5H 

o.uo 

n.i?a4 

0.391 

l.l 0? 

0-<5 26 

Q • ^ 1 a 

0.144 

0.-399 

3.159 

?.t59 

o-<o 73 

D.031 

9.429 

0-1 H7 

0.374 

1.01? 

1-662 

0.740 

10.001 

0-«ilO 

0.304 

0.956 


0 • «#3b 

0.000 

O.'tH? 

0.374 

1.01? 

0.4 H 7 

0.374 

1.91? 

0-4 H7 

0.074 

1.91? 

0-447 

0.074 

1.01? 

O.-ObO 

y.oOQ 

0.034 

0-O»9 

0* 333 

0.483 

0 -4 87 

3.974 

1.012 

0-4 m7 

0.374 

1 .91? 


cnsT 
CH RSJ 


0. 364 
2,441 
1,013 
4.003 

1. tt 7 
0.154 
9.303 
0.89S 
0.625 
0,154 
0,154 
0.154 
0.154 
0,625 
3,156 
0.154 
0,154 


the fkhU3Al\‘l- fJjV&R h S‘i*«.TTSTJr?vL T,yP’jpi.;ATT RKHt^RJT'^'; 

MACHINE 1‘CCLi' CCCl^^AvCi , ICCiJpa '^rV KAXTD A^'D T-JE COST HF 
-I*JG IHS P'kRI' 3v A PARriCU[«AH '‘’ACHTNF, 

TIME - r'JDICAl’iSS THE rDTAU TJ «F FpR !«HTCH THE M/C TDlLi I*? 

OCCUPIED bt The ?apt. 

RATIO - I^DrCAi'PS iH£ RATTU OF THF TIME OCCUPIED THE PART 
ON 0%’E v|/C i’30[i A'ln the rPTiUi PROCESflfJG TT.-iE. 

M/C TNG C'DSi - IT IS fMt rOTar. h/C I^'G COST' OF IHE PART OJi fH 
-AT MACHINE. 


H/C HO 

time 

(IH Tin) 

RATIO 

H/C TNG C3ST 

(TH Ks ) 

1 ^ ^ i I m T 11 

1 


rj.i'f 

0.030 

2 

9.12 

C. 1? 

14.431 

% 

^ *“ ? 

If i 

o.ae 

0.000 

4 


f>.61 

10.040 

5 

.i. 12 

3.''! 

t.tl7 

6 

U7f 

n,<4 4 

0.154 

7 

b « 1 

*U03 

3,000 

R 

l .I’S’ 


3.000 

9 

c.-'a 

O.nA 

0.030 

10 

ij.a'i 

D.OO 

0,030 

it 

&.)C> 

O.-'O 

0,000 

12 

fil, •'X ^ 

y • .c ^ 

n.ro 

0,030 

13 

0. Jf 

o.co 

0.030 

14 


0.00 

0.030 

15 

3.3C 

3.&0 

0,000 

16 

0.33 

0,00 

0.000 

17 

3.0C 

3.00 

0.000 



